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ABSTRACT 

The Sengiley section (Middle Volga Region, Russia) provides one of the 
most complete late I’alaeocene sedimentary sequence with well-preserved dia¬ 
toms, silicoflagellates, and radiolarians. Three zones of regional zonal scheme 
(Kozlova 1994) based on radiolaria were distinguished in the sediments: 
Buryella tetradica , Tripodhdnus sengilettsis, Peittlospyris foncoLtta zones. Based 
on diatom regional scheme (Strelnikova 1992) Trinacr'ui ventriculosa and 
Hemiaulus peripterus zones were recognised. Although assemblages of sili¬ 
ceous microfossils strongly differ from the oceanic coeval associations, the 
precise age of the boreal zones was determined on the basis ol direct correla¬ 
tion with standard zonal scales of diatoms, silicoflagellates and radiolarians. 
For example, from sediments of Petalospyris foveolata zone, several species 
described by Nishiniura (1992) from the upper part of the Bekotna campe- 
chensis standard radiolarian zone of the North-West Atlantic were found and 
allowed us to correlate these two zones. Two zones of the standard oceanic 
diatom scheme (Barron tic Raldauf 1993) (Hemiaulus peripterus and 
Hemiaulus incuruus zones) and standard silicoflagellate Naviadopsis constricta 
zone were distinguished in the Sengiley section. Siliceous-terrigenous 
Palaeogene sediments of die Middle Volga can be considered as typical sedi¬ 
ments of the marginal epicontinental basin. Siliceous assemblages of the 
Sengiley section are very close to assemblages from Lulinvort and Serov for¬ 
mations of the Wesr Siberia and the eastern Urals slope, Fur Formation and 
Sambian Formation of North-East Europe, although the geometry of 
connections between these basins during late Palaeocene is still not clear. 
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RESUM £ 

Microfossiles siliceux paleogenes de la region de la moyenne Volga : stratigraphic 
et paleoecologte. 

La coupe de Sengiley (region de la moyenne Volga, Russie) presence une dcs 
sequences sedimentaires les plus completes du Paleocene superieur avec des 
diatomees, radiolaircs, silicoflagelles hien conserves. Trois zones de la zona- 
tion r^gionaJe (Kozlova 1994), londc'e sur les radiolaires, sout distiuguees 
dans lea Sediment'S : zones & Buryclla tettadica, Tripodisciuus sengilensis, 
Petalospyris foveolata. Dans la zonation rcgionalc a diatomees (Strelnikova 
1992), les zones It Trittactia ventriculosa -and Hemutultis periptem sont recon- 
nues. Bicrr que les assemblages a microfossiles siliceux different forremenedes 
equivalents oceaniqUeS, I’ige precis des zones boreales a t f t(i determine sur la 
base de correlations direcces avec les echelles regiouales standard a diatomees, 
silicoflagelles er radiolaires. Par exemple, pour les sediments de la zone 
Petalospyris foveolata, plusieurs especes decritex par Nishimura (1992) dans la 
partie xup^rieure de la zone standard a radiolaircs it Beltoma campechrnsis du 
Nord Ouest de l'Atlantiquc out cte trouvees er nous permerrenr de correler 
ces zones. Deux zones de la zonation oceanique standard a diatomees (Barron 
& Baldauf 1995) (zones a Hemiaulus periptmts and Uemiaulus incurvus) et la 
zone standard is silicoflagelles a Nuviculopsis constricut ont etd trouvees dans la 
coupe de Sengiley. Les xedimenrs paleogenes siliceux-terrigfenes de la moyen¬ 
ne Volga peuvenr etre rnnsid^rds corame typiques de haisin marginanx cpi- 
continenraux. Les assemblages siliceux de la coupe de Sengiley sont tres 
proches des assemblages des formations de Lulinvorr et Serov de Siherie occi- 
denrale er du versanr est de l’Oural, des formations de Fur er Sambian du 
Nord Est de (’Europe, bien que li geometric des connexions entre ces bassins 
durant le Paleocene nc soir pas claircrncnt etablic. 


INTRODUCTION 

In the Ulyanovsk-Saratov syncline of the Middle 
Volga Region (Fig. 1) widespread early 
Palaeogene sequence (approximately 300 m 
thick) is represented by marine siliceous-terrige¬ 
nous deposits with high facies diversity. Previous 
stratigraphic subdivision of Palaeogene sequences 
was based in most cases on the lithological data. 
The age of these subdivisions and relations bet¬ 
ween them have been revised by different investi¬ 
gators more than once (Milanovsky 1940; 
Leonov 1961; etc.). The high abundance of sili¬ 
ceous facies, opokas (kryptogene siliceous depo¬ 
sits), the diatomites, siliceous clays and sands 
offer advantage for siliceous microfossils study. 



MOTS CLES 
Paldogfcnc, 
biostratigraphy, 
radiolaires, 
silicoflagelles, 
diatomees, 
Moyenne Volga. 
Plate-forme est-europtfeniK. 
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Palaeogene siliceous microfossils of Volga Region 



[ | opoka ^-_j clayey, diatomites |gv;| diatomites [; sands, sandstones | | clay 


Fie. 2 — Lithology and lithostratigraphy of the Sengiley section, stratigraphic ranges of siliceous microfossils, and zonation. 
Schemes of Strelnikova (1992) (diatoms), Locker & Martini (1987) (silicoflagellates) and Kozlova (1994) (radiolarians) were used. 


This paper seeks to examine the evidence provi¬ 
ded by siliceous microfossils - diatoms, silico- 
flagellates and radiolarians which occur in the 
Sengiley section. Study of siliceous micro¬ 
organisms from this section is very crucial for 
precise age determinations of Palaeogene sedi¬ 
mentary cycles and for revealing conditions of 
silica accumulation on the northern Peri-Tethyan 
margin. The problem of relations between these 
early Palaeogene biosilica accumulation events 
and regional and global geological events is also 
of great interest. 


SENGILEY SECTION 

The Sengiley section (Figs 1, 2) is located 7 km 
north-west of the Sengiley (Ulyanovsk Region). 
On the right bank of the Volga River, at an eleva¬ 
tion of approximately 300 m above sea level, a 
section of 40 m High cliff so-called “Granoe 
Ukho” was studied. Up to the section the follo¬ 
wing lithological units were distinguished in the 
studied interval: 

- at the river bank below the cliff siliceous grey 
clays of 7 m thickness; no microfossils found. 
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— siliceous dark-grey sandstones, thin-layered, 
with silica days lenses, lie at the base of the 
diatomite cliff; thickness 4-4.5 m; no microfossil 
found. 

— white massive diatomites with layers of light- 
grey diatomites, sometimes with glauconite; 
thickness 22 m; in samples 930109-930072 
abundant siliceous microfossils were found. 

— light-grey massive clayey diatomites lying 
conformably on the underlying unit; thickness 
7 m; samples 930072-93057 contain abundant 
siliceous microfossils. 

— the unconformity separates the diatomite units 
from overlying sediments; they arc represented 
by sandy brownish-green clays, siliceous greenish- 
grey sands, brownish sandy opokas, silica dark- 
grey opokas; thickness about 11 m. Microfossils 
were not found. 


PREVIOUS STUDY OF SILICEOUS 

MICROFOSSILS 

Zonal subdivision of rhe Sengiley section on the 
basis of radiolarians has been proposed by 
Kozlova (1984). The age was considered as late 
Palaeocene. Radiolarian zones of this scheme are 
undoubtedly regional and can be rraccd in the 
boreal epicontinental Palaeogene of the Volga 
and Ural regions. 

The study of diatoms of the Middle Volga 
Region was started in 19th century by Ehrenberg 
(1854), Grtmow (1884) and Witt (1896). Eater, 
diatoms and silicoflagellates from this location 
have been studied by Leonov (1961), Jouse 
(1979, 19S2), Gleser (1993, 1995; Gleser tt d 
1977) and Strelnikova (1990, 1992b The lower 
part of the diatomite unit is certainly related to 
the Palaeocene by all investigators', but an early 
Eocene age is still nor excluded for the upper 
part of diatomites. Silicoflagellare assemblages 
from several separated samples from the Sengiley 
section were studied and dated by Locker & 
Martini (1987) as early Eocene. 

MATERIAL AND METHODS 

Samples were collected during a field trip of 


Russian Academy of Sciences Geological Institute 
in 1994. 81 samples were examined for diatom 
and radiolarian biostratigraphy, but siliceous 
micro-organisms were found only in 55 samples 
from the diatomite units of the section. Sampling 
interval was approximately 50 cm. 
Approximately 5 g of sample was crushed 
mechanically and placed into an 400 ml beaker. 
Then samples were processed by 15-minutes boi¬ 
ling in hydtugen peroxide. The procedure of 
tcpcatcdly filling and decanting the beakers with 
distilled water and allowing 2 hr settling was 
used to remove chemicals and clay minerals. 
Slides for radiolarian study were prepared on 
24 X 24 mm cover glasses and mounred in 
Canadian balsam on 24 X SO mm glass slides. 
Radiolarians w'crc examined at X 400. Species 
were recorded as abundant (A) if more than 
10 specimens were present in the slide, common 
(C) if 3-10 specimens occurred in the slide and 
rare (R) if 1-3 specimens were found. 

Strewn slides for diatoms were prepared by sam¬ 
pling the suspended residue with a pipette sprea¬ 
ding it on IS X 18 min covet slide and mounting 
in Elyashev mounting medium. Diatoms were 
examined at X 500. Species identification was 
checked at X 1250. Some samples were studied 
in SEM “Cambridge Stcreoscan" microscope. 
Relative abundance of taxa represented in the 
range charr is reported as abundant (A) when 
20 specimens are present in one horizontal tra¬ 
verse at X 500, common (C) when 3-19 speci¬ 
mens are present at each traverse, few' (F) — 
1-2 specimens in each traverse, rare (R) — less 
than one specimen in each traverse. 

STRATIGRAPHY 

Radiolaria 

Using radiolaria, the section was subdivided on 
the basis of the boreal zonal scheme of Kozlova 
(1994). The zonal succession is Palaeocene 
(Fig. 1, Table 1). 

Buryelln tetradica zone 

The assemblage is moderately preserved and 
contains Buryel/a tetradica Foreman, Theco- 
sphaera rotunda Borissenko, Spongotrochus puter 
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Table 1. — Stratigraphic distribution of radiolaria in Sengiley section. A. abundant (20 specimens are present in one horizontal traverse examined at x 500); C, common (3-19 spe¬ 
cimens are present at each traverse); F, few (1-2 specimens in each traverse); R t rare (less than 1 specimen in each traverse). 
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Kozlova. Tripodiscinits sibiricm Kozlova, Spongo- 
discus inner lean us Kozlova, Spongodiscus phrix 
Gorboverz and Lophophnena curta Kozlova. The 
base of die zone was noi observed in the section. 
The upper boundary is determined by the appea¬ 
rance of Tripodiscinits sengilensis Kozlova and 
Plectodisais totrhiliuae Kozlova. 

Tripodiscinits sengilensis zone 
Radiolarians are abundant and well-preserved. 
The most common are: Tripodiscinits sengilensis 
Kozlova, T triloba tits Kozlova, LophophttetiU 
curta Kozlova, Spongotrochus paciferus aiitiquus 
Kozlova, S. aff. Trochodiscus elevei (Kozlova), 
S. aff. helioides Clcve, Spongodiscus' atnericanus 
Kozlova & Gorbovetz and Plectodisais tochilinae 
Kozlova. Spunoirochus alveatm Riedel & 
Sanfilippo, Tripodiscinits sibiricus Kozlova, 
Stylodiciya churlestonensis (Clark & Campbell), 
Anthocyrtoma frizz,eli Nishimura and PcriviatorO) 
dumitricae Nishimura occur rarely. Common 
Larnocalpis smili MiddoUt and Phormocyrlis reti¬ 
cula Kozlova Ik Gorbovetz were found in the 
upper part of the zone. The- upper boundary of 
the zone is very sharp and determined by the 
appearance of Petalospyris [oveolata Ehrenberg, 
Diplocydm comma runjevae Kozlova, D, pseudo- 
bicorana pseudobicorona Nishimura, Spongo- 
melissa memo, numci Kozlova, Clathrocyclas 
longispina Clark & Campbell and Spongotrochus 
nations praecox Kozlova, 

Petalospyris faveobita zone 

Radiolarians are diversified and well-preserved. 
The most abundant are: Petalospyris [oveolata 
Ehrenberg, Dyplocyclas torniaa rtmjevae Kozlova, 
D. pseudobicorona pseudobicorona Nishimura, 
Antocyrtoma frizz,eli Nishimura, Botryornetra osha 
Kozlova, Spongomelissa temaria Kozlova, S. nurna 
nurna Kozlova. In the lower part ot the zone 
Clathrocyclas longispina Clark & Campbell, and 
Spongotrochus nations praecox Kozlova are abun¬ 
dant. Spongasteriscus eraciferns Clark & 
Campbell, Clatrocyclas externa Clark & Campbell 
and C. lipmanu Kozlova arc rather rare. 

Diatoms and si lico flag llla res 
Pronounced taxonomic changes in diatom 
assemblages observed in the middle part of 


Sengiley diaiomites (Fig. 1, Table 2) allow us to 
distinguish from the base and Upsectioii two 
zones of the zonal scheme for the Northern 
Hemisphere sensu Srrelnikova (1990, 1992). 
Trirutcria ventriculosa zone is represented by com¬ 
mon Triceratium mirabile Jouse, Tritldcria veiitri- 
culosa (A. Schmidt) Gleser, Pyxidicula ferox 
(Greville) Strelnikova & Nikolaev, Crttnouhella 
gernmata (Grunovv) Van Heurck. The assemblage 
of the Hemiaulus proteUs zone consists of 
Hemiaulns hicurvus Shibkova, l i protcus Heiberg, 
H. incisns Hajos, H.frigidits (Grunow) Fenner, 
Solemn ex-sculptUni Heiberg, Triceratium heibergii 
Gombos, Craspedodiscits ntoclleri A, Schmidt, 
Aulacodiicus suspectus A. Schmidt, Gnmowiella 
palaeocaenica Jouse and Cyiindrospira sirnsi 
Mitlehner. 

Besides the stratigaphically important species 
enumerated above, diversified representatives of 
the neritic diatom flora of epicontinental basins 
are present in both zonal assemblages. A lull list 
is shown in the Table 1 and in the taxonomic 
appendix. 

$ilicoflagellates (about fO taxa) are common 
throughout the whole section. For stratigraphic 
subdivision, the zonation of l.ocker & Martini 
(1987) is applied. The appeatance of members of 
the IVat'inilopsis genus (including N. canstricta 
(Schulz) Frcnguelli, N. robitsta Deflandre, 
/V. danica Pcrch-Nielsen) defines Navir.ulopsis 
canstricta zone (upper Palaeocene-early Eocene). 
Corbisema disymmetrica Bukry is present throu¬ 
ghout the whole section. According to Locker & 
Martini (1987), this stratigraphic interval corres¬ 
ponds ro the NP4-NP9 nan noplankton zones 
and so gives us the possibility to restrict the age 
of the diatotnite unit by the Palaeocene. Less 
pronounced chan diatoms one, change in taxo¬ 
nomic composition is related to the middle part 
of the section. This reconstruction includes the 
last appearance of Dictyocha elongata Gleser and 
the fitst appearance of Naoiculopsis punctilia 
Perch-Nielsen. 


PALAEOECOLOCY 

Radiolarian assemblages arc well preserved and, 
for the epicontinental setting, diversified (33 spe- 


434 


GEODIVERSITAS • 1999 • 21 (3) 



Table 2. — Stratigraphic occurrence ot diatoms and silicotlagellates in Sengiley section. Legend: see Table 1 



Palaeogene siliceous microfossils of Volga Region 
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cies were determined). Different radiolarian spe¬ 
cies dominate the assemblage in specific strati¬ 
graphic intervals. For example, specimens of 
Spongodiscus americiums Kozlova &t Gorboverz 
dominate in the lowermost parr of section 
(samples 109-104), Tripaducinus seugilensis 
Kozlova in samples 106-101, Spongotrochus all' 
bellnides (Cleve) in samples 99-88, Tripndischtus 
trilobdlus Kozlova in samples 87-75, Anthn- 
cyrtoma frizzeli Noshiniura iind Petahspyris foveo- 
lata F.hrenberg in samples 65-60, Generally, in 
the lower part of diatomite unit, representatives 
of the Spongodiscidae family (genera 
Spongodiscus and Spungolrochm) and Trisso- 
cyclinae family (genus Tripodiscinus ) are domi¬ 
nant, and in the upper part of diatomites speci¬ 
mens of the Cyrtidcte (genera Diploryclas, 
Cldthrocyclas and Antbocyrtoma) and of the 
Spyridae (genus Petalospyris) dominate. The 
greatest change of the association can be obser¬ 
ved at the stratigraphical level of samples 72-67 
(Fig. 2), on the boundaty between the Tripn- 
disciiius saigilensis and Petalospyris foveolata 
radiolarian zones. 

Diatom assemblages are well preserved and taxo- 
nonncally diversified too, represented mainly by 
robust, large frustules of diatoms. About 60 taxa 
of diatom were determined. The diatom assem¬ 
blages arc dominated by species typical for neti- 
tic environment. Fully planktonically living 
species are represented by genela Hemiaulus , 
Rbizosolema , Proboscia , Tint la si ios i ropsis and 
Tricemtium. 

In the upper part of the section (samples 80-71) 
a taxonomic turnover in diatom assemblages cor¬ 
relates with relative increase of the Paraliu sulcata 
(Ehrenberg) Cleve group. It is possible that these 
changes testify the transition to the coastal, shal¬ 
lower environment. The same trend is reflected 
in the increasing of clayey material content in 
the upper part of the section and in the change 
of diatomites colour from white to grev. 


DISCUSSION 
Stratigraphic issues 

The precise age determination of siliceous 
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Berggren eta!. 1995 
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Fig. 3. — The stratigraphic position of the diatomites of the Sengiley section and correlation to standard and regional zonal schemes. 


micro fossils associations from the diatomitc unit 
of the Sengiley section is very important to 
understand the stratigraphic position o f the 
Middle Volga siliceous sediments (Fig. 3). 

Present knowledge of stratigraphic ranges of 
Palaeocene diatoms and radiolariaris is very limi¬ 
ted, especially for the epicontinental basins. As a 
rule sediments do not contain any calcareous 
plankton and do not have not any pulaeomagne- 
tic data. 

Besides in the Volga Region, the Buryella tetra¬ 
dica radiolarian zone can be distinguished in the 
North Precaspian Basin; the Tripodiscinus sengi¬ 
lensis zone can be observed in the Serov 
Formation of die eastern Ural slope and of the 
western Sibclia; and the Petalospyris foveohita 
radiolarian zone can be recognised in the Irbit 
Formation of the eastern Ural slope (Kozlova 
1984). These radiolarian zones are thus regional 
and can he traced across a wide territory. 
Radiolarian zones distinguished in this paper 
were referred to the upper Palaeocene by Kozlova 
(1994) on the basis of a few species common to 


the associations from the Gulf of Mexico 
(Foreman 1973)- 

We suggest that the Buryella tetradica and 
Tripodiscinus sengilensis zones arc relaied to the 
lower Bekoma campechensis zone of’ the standard 
radiolarian scale, in regard of the presence of 
Buryella tetradica Foreman, Thecasp ha era rotunda 
Bori.sscnko, Spongodiscits americctnus Kozlova & 
Gorbovetz. Spongotroehus alveolus Riedel & 
.Sanfilippo and Pctiviator (?) dumilrtcai Nishimura. 
Based on the presence of Diphnyehts psettdobi- 
corana psettdobicarona Nishimura, Spongasteriscus 
eruciferus Clark & Campbell and Antho- 
cyrtoma (?) frizze/li Nishimura, the Petalospyris 
J'oveolata zone seems to correspond to the upper 
part of Bekoma campechensis zone of the 
Northwest Atlantic and, correspondingly, to the 
CP5-CP6-lower CP7 nannoplankton zones 
(Nishimura 1992). 

A similar picture is obtained from the diatom 
stratigraphy. The same succession of diarom 
assemblages ( Trinacria ventriculosa and 
Hemiaulus proteus zones) is typical for the whole 
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region, being reported from the boundary inter¬ 
val between the lower and middle parts of the 
Lulinvort Formation (Pur and Taz River basins) 
of western Siberia, the kbit and Serov formations 
of the eastern Ural slope (Proshkina-Eavrenko 
1974). Unfortunately, the precise age of these 
regional subdivisions remains unclear, for they 
can still not be correlated with the standard zonal 
schemes of calcareous microplankton, 
Strelnikova (1990, 1992) puts the foregoing 
zones into the late Palaeocene. Gleser (1994, 
1995), the first who distinguished these zones, 
considered the lower zone as late Palaeocene and 
upper one as early Eocene. But, it is clear now, 
that for the subdivision of the Sengiley section, 
standard diatom zones, which were directly cor¬ 
related with nannoplankton zones in sections 
from southern Indian Ocean (Fourtanief 1991; 
Barron & Baldauf 1995) can be used (Fig. 3)- 
The taxonomic composition of the upper 
Hemitinlus proteus zone is like that of the 
Hemiaulus incurvus standard zone. The sharply 
dilfercnt assemblage of the lower Trinacria ven- 
trimlosa zone allows us to correlate this interval 
to the Hemiaulusperipterus zone. These standard 
diatom zones correspond to the N1 J 4-N P11 nan¬ 
noplankton zones (Fig. 2). However, the presen¬ 
ce in all associations of the silicoflagellate 
Corbhema disymmetrica Bukry, which is known 
only from the NP4-NP9 interval, allows us to 
suggest that the Sengiley diaromites are within 
the Palaeocene. 

Thus, in all three (radiolarfan, diatom, and s'dico- 
Hagcllate) assemblages, there are a number of stra¬ 
tigraphic markers which can be successfully used 
for the srratigraphic subdivision of early 
Palaeogene sediments and for the refinement of 
Palaeocene diatom zonatinn. These am the diatom 
species Aulacodiscus suspectus A. Schmidt, 
Hemiaulusproteus Heiberg, Cmpedodiscm moelleri 
A. Schmidt, Cylhulrospira sinisi Midehner; and the 
radiolarian species Tripodhcinus seugileusis 
Kozlova, 7. trilobatus Kozlova, T. sibiriens Kozlova, 
Petalospyris foveolata Ehrenherg, P. fticella Kozlova, 
etc. Until now, these radiolarian species have not 
been found in open ocean sediments. 

Palaeogeographic issues 

During the middle-late Palaeocene, the Middle 


Volga Region was a shallow-water, highly pro¬ 
ductive marine basin with siliceous sedimenta¬ 
tion. It is obvious that Palaeocene sediments of 
the Middle Volga Region ate accumulated in the 
great gulf of the epicontinental sea, via an inten¬ 
sive upwelliug process. Distanov (1968) suppo¬ 
sed that diatomites rrtay be accumulated in 
marginal parts of palaeodehas. It is possible also 
that diatontite accumulation took place only on 
topographic highs of subbottom relief 
The main peculiarity' of the siliceous microplank¬ 
ton assemblages is their provincialism. The taxo¬ 
nomic composition of the associations differs 
strongly from coeval oceanic assemblages. Deep- 
sea diatom Palaeocene assemblages, restricted 
generally' to the Southern Hemisphere (Fenner 
1991; Fourtanier 1991) differ taxonomically 
from epicontinental assemblages due to palaco- 
ecological and palaeogeographical differences, 
and preservation factors. Epicontinental diatom 
assemblages of the Northern Hemisphere are 
highly diverse due to high percentages of mero- 
planktnnic species. 

Although Palaeocene diatom assemblages from 
the Southern Hemisphere and Volga Region dif¬ 
fer strongly, the presence of common species sug¬ 
gests a connection between these areas of the 
World Ocean, possibly through the Tethys and 
East Atlantic. The geography' of the connection 
between Middle Volga Region and West Siberian 
basins (including the eastern Urals slope), and 
the North European basins (Fur Formation, 
Denmark and Sambian Formation, Kaliningrad 
Region, Russia) with biosilica sedimentation 
(Strelnikova et id. 1978; Fenner 1994; Midehner 
1996) is not still clear. 
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APPENDIX 


DIATOMS 
Actinoptychm sp. 

Aulacodiscus distinguendus Hus ted t (1958) — 
Homann 1991. pi. 7, fig. 4. 

Aulacodiscus probabilis A. Schmidt - Homann 
I991.pl. 4, figs 3-5 (Fig. 7K). 

Aulacodiscus sebmidtii Wirt (1886) — Aula¬ 
codiscus septus A. Schmidt I. septus A. Schmidt 
Srrelnikova 1974. pi. 19, figs 1-6, tab, 20, figs 1- 
5. (Fig. 7F). 

Aulacodiscus suspectus A. Schmidt (1876) — 
Homann 1991: 37, pi. 6, figs 1-5; pi. 7, figs 1-3, 
5 [= Coscinodicus josefimts Grunow — Strelnikova 
et al. 1978. pi. 15, figs 1,2] [= Coscinodiscus ura- 
lensis Joust? - Proshkinu-I.avrenko 1949: 73, 
pi. 24, fig. 4 (Fig. 6K)]. 

Briggera sibirica (Grunow) Ross & Sims, 1985: 
300, pi. 3, figs 1-7- - Homann 1991: 74, pi. 8, 
Figs 1-11 [- Bkldulphia tnomeyi (Bailey) Roper 
var. tridenta Jous^ — Strelnikova et al. 1978, 
pi. 17, fig. 5 (Fig. 5D)]. 

Coscinodiscus anissimovae Glcser & Rubina, 
1968: 153, pi. 1, figs 1-6. — Proshkina-Lavrenko 
1974, pi. 38, fig. 8." 

Coscinodiscus sp. Common occurrence of large 
Coscinodiscus is recorded at the Sengiley section. 
These belong mostly to Coscinodiscus oculus iridis 
Ehrenberg (1839) group, Coscinodiscus mdiatus 
Ehrenberg (1839) group, and Coscinodiscus argus 
Ehrenberg (1838), 

Costopyxis antiqua (louse) Glcser, 1984: 291 [= 
Stephanopyxis antiqua JousA 1951: 46, pi. 1, 
fig. 3. - Strelnikova 1974, pi. 3, figs 18-20]. 
Craspedodiscns moelleri A, Schmidt (1893) — 
Proshkinu-I.avrenko 1974, pi. 23, fig. 2. - 
Homann 1991: 47, pi. 17- figs 1-5 (Fig. 6D). 
Cylindrospira sintsi Mitlehncr, 1995: 323, 
figs 3-6, 9-18 (= Pyxi/la midtiseptata Gleser, 
1995, pi. 1, fig. 16 (Fig. 6B)j. 

Eunotogramma variabile Grutiow (1883) — 
Proshkina-Lavrenko 1974, pi. 15, fig. 12 
(Fig. 5E). 


Eunotogramma weissii Ehrenberg (1955) - 
Proshkina-Lavrenko 1974, pi. 5, fig. 6 (Fig. 4A). 

Fenestrclla antiqua (Grunow) Swatman (1948) 
- Homann 1991, pi. 18, figs 1, 2, 4, 5. 

Grunowiella gemmata (Grunow) Van Heurck 
(1896) - Fenner 1991, pi. 11, fig. 13 (Fig. 6H). 
Grunowiella palaeocaenica Jouse, 1951: 40-41, 
pi. 4, fig. 5. - Fenner 1991, pi. 11, figs 1-4 
(Fig- 61). 

Hemialus antbiguus Grunow (1884) — Fenner 
1994, pi. 6, fig. 17 (Fig. 5B, I). 

Hemiaulus arcticus var. bornbolmensis Cleve- 
Etder (1951) - Fenner 1994, pi. 8, Figs 1, 2 
(Fig. 5F), 

Hemiaulus curvatulus Strelnikova, 1971: 49, 
pi. 1, figs 12, 13. — Harwood 1988, figs 12, 13 
(Fig. 50, S). 

Hemiaulus danicus Grunow (1878) - Homann 
1991, pi. 20. figs 1-10 (Fig. 5N). 

Hemiaulus Jrigidus (Grunow) Fenner, 1994: 
112, pi. 8, fig. 4 (Fig. 5C). 

Hemiaulus incisns llajos, 1976: 829, pi. 23, 
figs 4-9, — Fenner 1991, pi. 10, fig. 9 (Fig. 5G). 
Hemiaulus incurvus Shibkova in Krotov & 
Shibkova, 1959: 124, pi. 4, fig. 8. — Gnmbos 
1977, pi- 16, figs 1-7 (Fig. 5A). 

Hemiaulus proteus Heiberg, 1863 — Proshkina- 
Lavrenko 1974, pi. 19, fig. 3, - Homann 1991, 
pi. 24, figs 15-18 (Fig. 5P, R). 

Hemiaulus cf. rossiens Paptocsck, 1889 - 
Proshkina-Lavrenko 1974, pi. 15, fig. 10 
(Fig. 5L, MV 

Hyalodisctts radiatus (O’ Meara) Grunow var. 
arctica Grtmow (1884) — Homann 1991, pi. 26, 
figs 3, 6-9. 

Kentrodiscus fossilis Pantocsek (1889) - 
Harwood 1988, figs 16-18 [= Pterotheca sp. - 
Homann 1991, pi. 54, figs 7-9 (Fig. 7G)]. 

Lisitzinia distanovii Gleser, 1995, pi. 1, fig. 5 
(Fig. 4C). 
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Fig 4 — A, Eunotogramma weissii Ehrenberg, sample 100; B, E. Tnnacria excavata Heiberg; B, sample 68; E. sample 58; 
C, Lisitzinia dislanovii Gleser, sample 69, D, Triceratium mirabile Jouse, sample 100; F, Triceratium sparsipunctata Jouse, 
sample 67; G, Solium exsculptum Heiberg, sample 58; H, Tnnacria regina Heiberg, sample 61; I, Triceratium ventriculosum A S , 
sample 100; J, Triceratium flos Ehrenberg, sample 100, K, Triceratium heibergn Grunow, sample 58. Scale bar: A, B, D. G, I, J, 
26 6 pm, C, 13 3 pm, E, 28 5 pm, F, 40 pm; H, 20 pm, K, 23 5 pm 
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Fig. 5. — A, Hemiaulus mcurvus Shibkova, sample 85, B I, Hemiaulus ambiguus Grunow sample 85, C, Hemiaulus frigidus 
(Grunow) Fenner, sample 67; D, Briggera sibirica (Grunow) Ross & Sims, sample 58; E, Eunotogramma variabile Grunow, 
sample 88: F, Hemiaulus arcticus var. bornholmensis Cleve-Euler, sample 103; G, Hemiaulus incisus Hajos, sample 58; H, J, K, 
Hemiaulus sp.; H, sample 103; J, sample 109: K, sample 109; L M, Hemiaulus cl. rossicus Panlocsek, sample 67; N, Hemiaulus 
danicus Grunow, sample 88; O, S. Hemiaulus curvatulus Strelnikova; 0, sample 58; S, sample 67; P, R, Hemiaulus proteus Heiberg; 
P, sample 58; R, sample 61; Q, Hemiaulus sp., sample 75. Scale bar: A-C, E-N, R, S, 20 pm; D, O-Q, 26.6 pm 
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Fig. 6 — A, Rhaphoneis simblrskiana Grunow & Pantocsek, sample 58; B, Cylindrospira simsi Mitlehner, sample 67; C, Pyxidicula 
ferox (Greville) Strelnikova & Nikolaev, sample 100; D, Craspedodiscus moelleri A. Schmidt, sample 58; E, Pyxidicula turns (Greville 
& Arnott) Strelnikova & Nikolaev, sample 100; F, Thalassiosira sp 1 sensu Fourtanier, sample 59, G, Pyxidicula sp., sample 74; 
H, Grunowiella gemmata (Grunow) Van Heurk, sample 100; I, Grunowiella palaeocaervca Jouse, sample 58; J, Thalasslosiropsis 
wittiana (Pantocsek) Hasle. sample 100; K, Aulacodiscus suspectus A Schmidt, sample 58; L, Pyxidicula sp , sample 58. Scale bar: 
A, H, K, 16 6 pm; B, F, G, I, 20 pm; C, 13.3 pm; D, J, 26.6 pm; E, 28.5 pm; L, 25 pm. 
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Odontotropis carinata Grunow (1884) — 
Homann 1991, pi. 27, figs 5, 7; pi. 28, figs 1-3 
[= Odontotropis danicus Defies — Fenner 1985: 
734.pl. 14, fig. 11 (Fig. 71, J). 

Odontotropis cristata Grunow (1884) — 
Homann 1991, pi. 29, figs 1-5. 

Paralia crentilata (Grunow) Gleser stat, nov. - 
Makarova 1992: 50, pi. 41, figs 1-8. 

Paralia grunowii Gleser stat. et nont. non. — 
Makarova 1992: 51, pi. 41, figs 9-11; pi. 42. 
Paralia sulcata (Ehrenberg) Cleve (1884) - 
Makarova 1992: 52, pi, 43. 

Proboscia cretacea (Hajos &t Stradner) Jordan 
& Priddle, 1991: 56 1= Rhizosolenia cretacea 
Hajos & Stradner, 1975: 929, pi. 7, fig. 1; 
pi. 31, figs 4-6. — Fenner 1991, pi. 1, figs 4-9]. 
Pseudopodosira westii (W. Smith) She.shukova 
& Gleser, 1964, pi. 1, figs 4, 5. 

Pseudopodosira sp. 2 sensu Homann, 1991: 
134, pi. 54, figs 9, 10. 

Psendostictodiscus angtdatus Grunow (1876) - 
Fenner 1994, pL 3, figs 12-17 (Fig. 719). 
Pterotheca major Jouse, 1955: 101, pi. 6, fig. 2. 
- Harwood 1988, figs 16, 18. 

Pyxidicnla ferox (Greville) Strelnikova & 
Nikolaev — Makarova 1988: 41, pi. 23, figs 7, 8 
(Fig. 6C). 

Pyxidicula moelleri (A. Schmidt) Strelnikova & 
Nikolaev, 1986: 952 [= Casein odiscus moelleri A. 
Schmidt - Homann 1991, pi. 10, figs 4-8 
(Fig. 7A). 

Pyxiducula sp. Common occurrence of different 
Pyxidicula is observed in the upper part of 
Granoe Ukho section. Most of these belongs to 
Pyxidicula turrit (Greville &C Arnott) Strelnikova 
& Nikolaev, 1986 group and Pyxidicula corona 
(Ehrenberg) Strelnikova & Nikolaev, 1986 
group. 

Rattrayella oamaruensis (Grunow) De Toni 
(1896) - Homann 1991, pi. 33, figs 1-7 

(Fig. 7C). 

Rattrayella rotnndata (Shibkova) Gleser, 1995, 
pi. 1, fig. 20. (Fig. 7B). 

Rhaphoneis morsiana Grunow in Pantocsek 
(1886-89) em. Homann 1991: 129, pi. 34, 
figs 9-12. 


Rhaphoneis simhirskiana Grunow in Pantocsek 
(1886-89) — Proshkina-Lavrenko 1974, pi. 15, 
fig. 15 (Fig. 6A). 

Rhizosolenia hebetata Bailey (1856) - Homann 
1991, pi. 36, figs 5,11, 12. ' 

Solium exsculptum Heiberg (1863) — Homann 
1991, tf. 37. figs 1, 3, 5-7 [— Trinacria exscidpta 
(Heiberg) Hust. — Mukhina 1976, pi. 2, fig. 7 
(Fig. 4G). 

Stellarima microtrias (Ehrenberg) Hasle & 
Sims, 1986: 11, figs 18-27. 

Tha/assiosira sp. 1 sensu Thalassiosira ? sp. 1 
sensu Fourranier, 1991, pi. 1, fig. 12 [= Genus 
and specie indet. — Schrader & Fenner 1976, 

pi. 33, fig. 7 (Fig. 6F)]. _ 

Tbalassiosiropsis wittiana (Pantocsek) Hasle, 
Hasle Syversten, 1985, 89 f. Abb. 1-41. - 
1 lomann 1991, pi. 37, figs 8-10 (Fig. 6J). 
Triceratium ftos Ehrenberg (1885) — Homann 
1991, pi. 44, figs 1, 2, 6 (Fig. 4J). 

Triceratium beibergii sensu Gombos, 1977, 
pi. 1, figs 1-12 [= Triceratium caudatum Witt, 
Proshkina-Lavrenko, 1974, pi. 15, fig.] L= 
Trinacria muricatn Gleser, 1995, pi. 1, fig. 4 
(Fig. 4K)j. 

Triceratium kinkeri A. Schmidt (1874-1959) — 
Prosh-kina-l.avrenko 1974, pi. 23, fig. 3. 
Triceratium mirabile Jouse in Proshkina- 
Lavrenko, 1949: 166, pi. 6, fig. 5 - Fenner 1991, 
pi. 9, figs 7-10 (Fig. 4D). 

Triceratium sparsipunctata Jouse, in 
Proshkina-Lavrenko 1949: 169, pi. 64, fig. 6 
(Fig. 4F). 

Trinacria veutrietdosa (A. Schmidt) Gleser, in 
Proshkina-Lavrenko 1974, pi. 18, fig. 12 
(Fig. 41). 

Trinacria excavata Heiberg (1863) — Homann 
1991, pi. 46, figs 1-8; pi. 47, figs 1-6. (Fig. 4B, 
E). 

Trinacria pileolus (Ehrenberg) Grunow (1884) 
- Gombos 1977, pi. 37, figs 3, 4. 

Trinacria regina Heiberg (1863) em. Homann 
1991: 124, pi. 50. figs 1-7; pi. 51, figs 1-7. - 
Proshkina-Lavrenko 1974, pi. 23, fig. 6 
(Fig. 4H). 

Trocbosira spinosa Kitton (1871) - Homann 
1991, pi. 17, figs 6-13. 
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Fig. 7. — A. Pyxidicula moelleri (A. Schmidt) Strelnikova & Nikolaev, sample 58; B, Rattrayella rotundata (Shibkova) Gleser 
sample 79; C, Rattrayella oamaruensis (Grunow) De Toni, sample 87; D, Pseudostictodiscus angulatus Grunow, sample 74 
E, Pyxidicula sp., sample 58; F. Aulacodiscus schmidtii Witt, sample 74; G, Kentrodiscus fossilis Pantocsek, sample 94 
H, Pterotheca sp., sample 100; I, J, Odontotropis carinata Grunow, sample 100; K, Aulacodiscus probabilis A. Schmidt, sample 88. 
Scale bar; A, 14.2 pm; B-D, G, K, 20 pm; E, 40 pm; F, 13.3 pm; H-J, 26.6 pm. 
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Fig. 8. — A-D, Naviculopsis constricts (Schulz) Frenguelli; A, sample 74; B, sample 58; C, sample 67; D, sample 58; E, Naviculopsis 
punctilia Perch-Nielsen. sample 67; F. Naviculopsis danica Perch-Nielsen, sample 67; G, Dictyocha precarentis Bukry, sample 88: 
H, Corbisema hastata hastata (Lemmermann) Bukry, sample 108; I, Corbisema hastata globulata Bukry, sample 58; J, Corbisema 
disymmetrica var. communis Bukry, sample 109; K, L, Dictyocha elongata Gleser; K, sample 88; L, sample 95; M, N, Naviculopsis 
robusta Deflandre; M, sample 74; N, sample 109. Scale bar: A-C, E-N, 20 pm; D, 26.6 pm. 
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Xanthiopyxis sp. 1-form 7 sensu Homann 1991, 
pi. 57, figs 14, 15. 


SILICOFLAG ELLATES 

Corbisemn disymmetrica var. communis Bukry, 
1976: 891, pi. 1, figs 5-9. - Perch-Nielsen 1985, 
fig. 11(8) [= Dictyocha navicula Ehrenberg, 
Gleser 1966; 251, pi, 9, figs 4, 5; text-fig. 6(6)] 
[= Corbisemn mviculoidea (Frenguelli) Perch- 
Nielsen, 1976: 33, fig. 7, 1.9, 22 (Fig. 8J)J, 
Corbisemn hastaia hastata (Lemmermann) 
Bukry, 1976: 892, pi. 4, figs 9-16. — Perch- 
Nielsen 1985, fig. 11 (22, 23) (Fig. 8H). 
Corbiseina hastata globulata Bukry. 1976: 892, 
pi. 4, figs 7, 8 (Fig 81).. 

Corbisema inermis inermis (Lemmermann) 
Bukry, 1976: 892, pi. 5, figs 1-3. 

Dictyocha elongata Gleser, 1960: 131, 132, 
tabl. 1, pi. 2, figs 16-20. — Perch-Nielsen 1976, 
fig. 2 (Fig. 8K. L). 

Dictyocha fibula Ehrenberg (1839) — Perch- 
Nielsen 1985, fig. 15 (17). 

Dictyocha precarentis Bukry, 1976u 894, pi. 6, 
figs 6-13; pi. 7, figs 1-3 (Fig. 8G). 

Naviculopsis constrlcta (Schulz) Frenguelli, 
(1940) — Perch-Nielsen 1985, figs 26 (6, 7) 
(Fig. 8A-D). 

Naviculopsis dattica Perch-Nielsen, 1976: 35, 
figs 5, 6, 21. — Gleser 1995- pi. 1, fig. 27 
(Fig. 8F). 

Naviculopsis punctilio Perch-Nielsen, 1976: 36, 
figs 26, 27; 1985, fig. 26 (33) (Fig. 8E). 
Naviculopsis robusta Deflandre (1950) - Gleser 
1995, pi. 1, fig. 29 (Fig. 8M, N). 


RADIOLARIA 

Anthocyrtorna (?) frizzeli Nishimura, 1992: 
332, pi. 9, fig. 13, 14; pi. 13, fig. 8. 

Botryometra (?) osba Kozlova, 1978: 95, 96, 
pi. VI, fig. 9, 10; pi. XIX, fig. 3. 


Buryella tetradica Foreman, 1973: 443. 8, 
figs 4, 5; pi 9, figs 13, 14. - Kozlova 1984, 
pi. XII, fig. 16 |= Lithocampium sp, A - Riedel & 
Sanfilippo 1971, pi. 7, fig. 12], 

Clatbrocyclas clegarn (Lipman, 1958)— Kozlova 

1978, pi. 17, figs 1, 4, 5. - Kozlova 1990: 78, 
pi. XII, fig. 14. - Petrushevskaya Sc Kozlova 

1979, fig. 500 [= Theocorys sporta Kozlova in 
Kozlova, Gorbqvetz 1966; 11, pi, 17, fig. 8. 
Clatbrocyclas extensa Clark & Campbell, 1942: 
85, pi, 8, fig. 11. - Bjorklund 1977, pi. 21, 
fig, 4. - Kozlova &c Corbovetz 1966, pi, 21, 
fig. 8. — Petrushevskaya & Kozlova 1979: 131, 
fig. 38b, 504. 

Clatbrocyclas lipmanae Kozlova, 1978: 121, 
pi. 6, fig. 3, 6. pi. 17, fig- 12, pi. 19, fig. 8. — 
Kozlova 1990: 78, pi. XII, fig. 21. 

Clatbrocyclas langispina Clark & Campbell, 
1942- Kozlova 1978, pi. XVII. 

Diplocyclas cornuta runjevae Kozlova, 1978: 
124, pf. VI, fig.. 1 ,4, pi. XIX, fig. 6. 

Diplocyclas pseudobicorona psendobicorona 
Nishimura, 1992: 340, pi. 4, figs 4-6, pi. 13, 
fig. 14. 

Larnacalpis (?) smili Middour-Kozlova 1978, 
pi. IX, figs 3. 5. 

Lophopbaena ctirta Kozlova, 1978, pi. V, figs 7, 
8; pi. XIX, fig. 4. 

Peritiviator (?) dumitricae Nishimura, 1992: 
328, pi. L fig. 13-16, pi. 11, figs 11,12. 
Petalospyrisfiscella (Kozlova) — Tetraspyris fiscella 
Kozlova in Kozlova & Gorbovetz 1966: 92, 
tabl. XV, fig. 1 [- Hexitspyris sp. — Petrushevskaya 
& Kozlova 1972, pi. 40, fig. 6] [= Hexaspyrh fis¬ 
cella (Kozlova) — Kozlova 1978: 89, pi. VIII, fig. 6]. 
Petalospyris foveolata Ehrenberg 8c Kozlova, 
1978: 89-90, pi. 6, fig. 8; pi. 8, fig. 10; pi. 19, 
figs 9~l 3* 

Petalospyris tnmidnla Kozlova in Kozlova & 
Corboverz, 1966:97, pi. XV, figs 10, 11. 
Pbormocyrtis reticula (Kozlova) [= Theocorys 
reticula Kozlova in Kozlova N Gorbovetz. 1966: 
110, pi. XVII, fig. 7J- 

Plectodiscus totchilinae Kozlova, 1984: 206- 
207, pi. X, fig. 13. 
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Spongasteriscus cruciferus Clark & Campbell, 
1942 — Kozlova 1984, pi. X, fig. 16. 
Spongodiscus americanus Kozlova in Kozlova & 
Gorbovetz, 1966, tabl. XIV, figs 1, 2. — 
Sanfilippo & Riedel 1973: 524, pi. 27, fig. 11; 
pi. 28, fig. 9 [= Spongodiscus americanus america¬ 
nus Kozlova, 1978: 77, tabl. XIV, fig. 3]. 
Spongomelissa numa callosa Kozlova, 1978: 

101, pi. XII, fig. 2; pi. XIX, fig. 2. 
Spongomelissa numa numa Kozlova, 1978: 
100, 101, pi. XII, figs 4, 5. 

Spongomelissa (?) temaria Kozlova, 1978: 101, 

102, pi. VIII, fig. 1; pi. XIX, fig. 1. 
Spongotrocbus alveatus Riedel & Sanfilippo in 
Sanfilippo & Riedel, 1973: 525, pi. 13, figs 4, 5; 
pi. 30, figs 3, 4. — Kozlova 1984, pi. XI, fig. 6. 
Spongotrocbus belioides (Cleve) - [= Spongo¬ 
trocbus sp. aff. Trochodiscus belioides Cleve — 
Kozlova 1978: 82, 83, pi. 16, fig. 6]. 
Spongotrocbus nativus praecox Kozlova, 1978: 


78, pi. 14, fig. 1. 

Spongotrocbus paciferus antiquus Kozlova, 
1978, tabl. XVI, figs 4, 5. 

Spongotrocbus puter Kozlova, 1978: 82, pi. 5, 
fig. 10. 

Thecosphaerella rotunda Borissenko, 1960: 
222, pi. 1, fig. 3, pi. 3, figs 2, 3. - Sanfilippo &c 
Riedel 1973: 522, pi. 26, fig. 3 [= Thecosphaera 
melitomma Kozlova in Kozlova & Gorbovetz 
1966:52, pi. VII, figs 7, 8], 

Tripodiscinus sengilensis Kozlova, 1978: 104, 
105, pi. V, figs 1-5; 1984: 207, 208, pi. XII, 20. 
Tripodiscinus sibiricus Kozlova, 1978: 103, 
104, pi. XII, fig. 3; 1984: 208, pi. XII, fig. 4 [= 

Tripodiscinus tumulosa (Kozlova) — Petru- 
shevskaya 1971, figs 33-V-VI] [= Tripodiscinum 
sp. A — Petrushevskaya 1971, figs Xl-XII]. 
Tripodiscinus trilobatus Kozlova, 1978, pi. X, 
figs 4, 5. 
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